Till now the conversion efficiency of the commercial photovoltaic (PV) solar modules is in the range of 14 to 20%. Therefore, PV power plants need very large area to achieve the desired output power. This paper presents some proper calculations to estimate land area occupied by the PV array. Calculations for the minimum and the maximum land area for a range of PV array with power capacity from 1 to 250 kW for different latitudes in the northern hemisphere were presented. Six different PV modules were selected for the calculation. A group of correlations are presented to roughly estimate both the land area and the number of PV modules per row as a function of the total power capacity required. In addition, correlations suggested to calculate the spacing between the rows in the PV array as a function of local latitude.
INTRODUCTION 1
After 2002, the world primary energy demand increased 1.7% per year and it is expected to expend more than 50% at 2030 [1] . It is probable that the main global energy generation will remain continuously dominated by fossil fuel. Lately, as a result of the alertness of climate changes and global warming, governments are concerned of the carbon dioxide emissions rates and fossil fuel consumptions. Hence, clean renewable energy resources must play an important role and take part in the global energy in the forthcoming future [2] . However, investigations and predictions results showed that the share of energy from fossil fuel sources will be more than renewable energy sources over the course of the next two decades because of some reasons, one of them is the high cost of renewable energy power plants compared to conventional power plants [3] . Solar energy attracted the world's attention as it is a promising option of renewable energy. The sun radiates enormous amount of electromagnetic radiation as known as solar energy. Solar cells can convert the solar energy directly into electrical power via a phenomenon described as photovoltaic (PV) effect. The energy conversion process is static, silent, free of moving object, safe, does not need high supervision and most importantly does not have any damaging impact to the environment. Therefore, the annual growth of the world PV industry has reached an average of 30% during the past decade [4, 5] . PV power generators can be classified into stand-alone systems and grid-connected generators [6] .
The output power characteristics of the PV cell, module or array is influenced by the amount of solar irradiance, cell temperature, tilt angle and the operating condition. However, the electricity generation is mainly affected by the amount of incident solar irradiance. The amount of incident radiation on the PV module determines the total generation of electron-hole pairs; hence the generated current in the PV module. Therefore, any obstruction that blocks the solar radiation from falling on the module (i.e. shading) should be avoided. Shading just one corner of a PV module can cut production in high percentage [7] . The shaded cells may get reverse biased, acting as loads, draining power from fully illuminated cells. Therefore, recently the impact of partial shadowing on the energy yield of PV systems has been widely discussed [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . In PV arrays, where the PV modules are arranged in rows (strings), there is a high possibility for row-row shading, so avoiding the shade on the array is important. González [19] studied three different systems containing 4 to 9 PV modules with applying different modes of partial shade, even the shade from electrical cables in front of the modules. It was found that a 1kW string of 9 poly-crystalline silicon modules can have a power loss of 13% due to shading just 1% of its surface area. On the other hand, the spaces between of the rows should be kept as small as possible to keep the total land (ground area) in reasonable limits and not based on arbitrary decisions. The designer must have an idea about the sun path along the year to be away from row-to-row shading.
Selection of PV modules (especially the module efficiency) may play an important role in determining the area required for a PV power plant, the higher the efficiency the less the land area. Also, PV panels with tracking systems produce approximately 20% more energy on a yearly basis than the fixed ones. But, in terms of land occupation, fixed PV field requires about half of the area necessary for a tracker PV system. Therefore, it can be concluded that for a large utility scale PV plant, the fixed PV field arrangement should be preferable when land impact is considered [20] .
In spite of that the main aim of this paper is to study and estimate the land area for a PV power plant, it still useful to take a look for the main characteristics that need to be considered in selecting the suitable site for installing a practical solar PV power generation project [21] :  Solar resource -abundance in global horizontal irradiation.  Local climate -extreme temperatures, high winds, flooding, snow.  Available area -depending on the type and efficiency of the PV module, access requirements.  Land use -this will impact land cost and environmental sensitivity.  Topography -flat or slightly sloped to the south are preferable in the northern hemisphere.  Geotechnical -including consideration of groundwater, resistivity, soil pH levels and seismic risk.  Accessibility -proximity to existing roads, extent of new roads required.  Grid connection -cost, timescales, capacity, proximity and availability.  Module soiling -including local weather, environmental, human and wildlife factors.  Water availability -a reliable supply is required for module cleaning.  Financial incentives -tariffs and other incentives vary between countries and regions within countries. It is preferred to install the PV modules over the ground with some height to avoid any dirt, snow or water accumulation on the lower edge of the modules, also to allow the air to flow below the modules. The air flow assists to give a cooling and ventilation effect which reduces the modules' temperature hence enhances the electrical performance.
PV power generation arrays mostly installed with two modes, the first mode is horizontal PV array (ground mounted) which is the most common for large power capacity. The second mode is the vertical PV which are installed usually on the buildings facades also considered from the building integrated PV systems (BIPV).
In literature review, Häberlin [22] suggested a rough estimation, that the field (land) required for a groundbased or rooftop PV generator equals the total area the PV modules multiplied by a factor named a land factor (between around 2 and 6 in Central Europe) for shading avoidance in cases where a series of solar generators are arranged behind each other in a large installation [22] .
The land area required for a specific total power capacity depends on two main factors. The first is the efficiency of PV modules and the second is the row-row spacing to avoid shading which depends on the slope of the PV modules row, local latitude and the time in the year. The aim of this paper is to study the land area for a specific PV array/power plant in different latitudes in the northern hemisphere and for six different PV modules manufacturers. That will be done through a calculating the row-row spacing and the total number of the PV modules needed for installation.
.
MATERIAL AND METHODS
The conversion efficiency of a solar PV module is relatively low, in addition to that most locations for solar power applications expected to get around 5 to 7 net effective sunny hours per day; therefore, anything that reduce the received solar radiation must be avoided. To avoid the shading of the rows (sometimes called strings) as much as possible, the calculations has to be done for a low sun level, in this modeling at 9AM. Two different dates or seasons will be studied to compare their effect on the land area:
1. Maximum land area in winter solstice (21 December).
2. Minimum land area for both seasonal equinoxes, vernal equinox (21 March) and autumnal equinox summer (21 September).
This model is specified only for northern hemisphere and from 5º to 55º latitude with 5º ( Fig. 1) . For a PV array with a single line of PV modules per row, is shown in Fig.  2 . There are other ways of setup structure with two or three lines per row. 

First step in the modelling is to calculate the total number of PV modules required for a specific power capacity. The second step is to determine the shadow length or the spacing between rows to avoid shading. Finally, calculation the square land area and the number of PV module per row to achieve the square shape.
Number of PV modules
The Commercial PV modules are tested to give a certain rated power at standard test conditions with (1000W/m 2 solar radiation 25ºC cell temperature 1.5 Air Mass). As long as the solar radiation is not constant at 1000W/m 2 and considering the cloudy days, the solar radiation assumed to be less than 1000W/m 2 and in this study equals to 750W/m 2 . To calculate the total number of PV modules :
Where P_t is the total installation power capacity in Watts, η_m is the module efficiency at standard test conditions, A_m is the module area in m2 and G is the incident solar radiation in W/m2. The total number of PV modules equals the number of row n_r multiplied by number of PV modules per row n_m:
Spacing between rows
The sun position in the sky with respect to a point on earth can be exactly specified by two angles, the sun altitude (α) and the solar azimuth (z) [25] . These two angles as given in Eqs. (3) and (4), respectively. It depends directly on the time of the day and the season (or the sequence of the day in the year, ):
Where, is the declination angle which is the angle between the direction of the sun and the plane of orbit of the earth around the sun [25] . 
For 21 December (winter solstice) δ equals to -23.45º and 0º for 21 March (winter solstice). Where the ℎ is the hour angle, which is the angle through which the earth has rotated since solar noon.
This calculation is done for 9:00AM, then the hour angle equals -45º. After finding the solar altitude and azimuth angles, the calculations to determine row spacing can begin. First we need to determine the horizontal projection and vertical projection of the PV module as defined by Eq. (7), respectively:
Where, is the module length As assumed, the tilt angle of the modules with the ground equals the local latitude. Using the module vertical projection in Fig. 3 , the shadow length (the distance between two rows in the direction of the sun) which can be measured as the difference in height between the bottom/leading edge of one row and the maximum height of the next row south of it (Fig. 4) [26]: While the spacing between the rows (the distance between two rows in the south direction) as shown in Fig. 4 is given by the following expression:
Total land area The total installation land area for a PV power plant is assumed to be square. Therefore, the total width and the total length of the land are equaled.
The total width of the square is given by:
Where, is the width of the PV module From Fig .4 the total length is summation of the horizontal projection of the modules and the spacing between rows,
To determine the number of PV modules per row, = :
By substituting Eq. (2) with Eq. (13) we get a quadratic equation should be solved to get its roots: Six different commercial solar PV modules from different manufacturer were selected randomly to imply the modelling. Three of them are mono-crystalline silicon with efficiency range from 15-20%, two are polycrystalline silicon and the sixth one is Hetero-junction with intrinsic Thin-layer PV module.
RESULTS AND DISCUSSION
For each PV module, the spacing between two rows was calculated from Eq. (9) for each local latitude, the results are tabulated in Table 2 for both studied cases. In winter, for latitudes above 50º, reached greater than 8m because of the extremely low altitude of the sun (6.4º) at the chosen morning time. So another time must be selected let us say 10:30AM and recalculate or the PV power generation is not efficient and feasible at all for those cases. For most locations the solar radiation is abundant in the summer time where the sunny non-cloudy days and wide sun window. So the equinox was chosen for designing and sizing the minimum area for the installation land. For the same latitudes above 50º, at the equinoxes the solar altitude at 9:00AM is (27º) which is acceptable for designing a PV power array becauseof is about 1.4 to 2m. It is important to notify that values in Table 4 for latitudes 45º is practically not valid and 1 to 1.5m must be added to let a space for installation and maintenance team to move between the rows. The average values of are plotted against the local latitude and the following correlations are extracted from the best curve fitting equations: For each PV module, the land area was calculated from Eq. (10); for a power capacity range from 1 to 250kW, the results are tabulated in Tables 4 and 5 for both studied cases. Plotting the land area with respect to the total power capacity (see Fig. 6 ) revealed as expected that has a linear relationship with the . Tables 4 and 5 contain the values of the constants of the linear curve fitting equation ( and the equinoxes for the six studied module, at 33º latitude and 100kW total power. The land area at 21 December is approximately twice the required in the equinoxes. The values in this figure is very useful for fast, rough estimation for installing any PV power plant for any countries lies on ~33º Latitude such as Iraq, Jordan, Iran, Syria, Tunisia, Libya, Morocco, south of USA, Afghanistan, Pakistan, Algeria, Japan, People's Republic of China and north of India. As aforementioned, the land area assumed to take a square shape. Therefore, it is useful to know the number of rows and the number of PV modules per row. The solution of Eq. (14) is plotted against the total power capacity as shown in Fig. 8 and the curve fitting is a second order polynomial with constants (c, d and e): All The results and correlations presented is for the minimum number of PV modules. More PV modules installed, better the system will perform. If less number of PV modules are installed, the system may not be sufficient at all during cloudy periods.
